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CONVERSION FACTORS

|
For use of readers who prefer to use metric (International Systemj units, conversion factors for terms used in this
report are listed below: !

Multiply inch-pound units by to obtain metric units
Length
inch (in.) 254 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 0.4047 hectare
Volume
gallon (gal) 3.785x 1073 liter (L)
cubic foot (fta) 0.02832 cubic meter (m3)
1
Flow
cubic foot per second 0.02832 cubic meter per second
(%/s) ‘ (m?/s)
Mass
ounce (02) 2.835x 1072 kitogram (kg)
pound (Ib) 0.4536 kilogram (kg)

Sea level--In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and
Canada, formerly called "Sea Level Datum of 1929."
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A PRELIMINARY INVESTIGATION OF THE HYDROGEOLOGY
AND CONTAMINATION IN THE AREA OF AN ABANDONED
MANUFACTURED GAS PLANT IN ALBANY, GEORGIA

By M.J. Chapman, B.M. Gallaher, and D.A. Early

ABSTRACT

Prior to the introduction of natural gas pipelines in the 1950’s, gas for lighting and heating in the
United States was produced from coal or oil, or a combination of both, at local manufactured gas plants.
By-products and wastes generated at these plants commonly were disposed of on site. The major wastes,
which include tar and oil residues and sludges, spent oxides, and ash materials, also can include a
complex mixture of hundreds of aromatic organic compounds as well as cyanides and metals. The U.S.
Environmental Protection Agency lists many of these constituents as carcinogenic or priority pollutants, or
both. An investigation was initiated in January 1989 in the vicinity of an abandoned manufactured gas plant
in Albany, Georgia, to evaluate the extent and movement of these contaminants in hydrogeologic systems
such as those present in the area.

Geologic formations of interest to this investigation are, in descending order, unconsolidated
sediments consisting of sand and clay layers, the Ocala Limestone, and the Lisbon Formation. Surficial fill
(man-made) overlies the sand and clay layers throughout the study area. The thickness of the fill ranges
from about 2 to 10 feet, and the depth to the Ocala Limestone ranges from about 14.0 to 30.5 feet. Locally,
two sand layers that are seasonally saturated are present in the unconsolidated sediments in the study
area: a shallow, upper sand layer, which generally is less than 10 feet below land surface; and a deeper,
lower sand layer that is in contact with the Ocala Limestone. The upper sand layer receives recharge from
the direct infiltration of rainfall or ponded water through the fill material. The ground-water level in the lower
sand layer is influenced by changes in the stage of the nearby Flint River. A clay confining layer that
ranges in thickness from 0.5 to 6.5 feet separates the two sand layers. Ground water in the upper sand
layer Is perched above the clay confining layer.

A total of 33 borings were drilled into the unconsolidated sediments to depths ranging from 1.5 to
30.5 feet. Sediment and waste samples were collected during drilling and chemically analyzed for specific
organic compounds, metals, cyanide, and total organic carbon. Polyvinylchloride well casings were
installed in 10 of the boreholes to facilitate the measurement of water levels and to allow the collection of
ground-water samples in the upper and lower sand layers. Most wells were dry during the study period,
except two wells tapping the lower sand layer; a water-level recorder was installed on one of these wells.

High concentrations of hydrocarbons and various metals, and cyanide were detected in sediment
and ground-water samples collected in the vicinity of the former gas holding tanks. Maximum
concentrations of hydrocarbons detected included 560,000 micrograms per kilogram naphthalene, 73,000
micrograms per kilogram ethylbenzene, 28,000 micrograms per kilogram benzene, and 24,000 micrograms
per kilogram toluene. Hydrocarbon concentrations in a liquid tank sludge sample included 18,000
micrograms per liter naphthalene, 17,000 micrograms per liter benzene, and 5,300 micrograms per liter
phenanthrene. Four phases of hydrocarbons were present in this area--solid, fluid, aqueous, and volatile
phases. These hydrocarbons are present at least to the depth of the contact between the unconsolidated
sand and clay sediments and the Ocala Limestone in this area. The concentration of hydrocarbons
decreased with increasing areal distance away from the gas holding tanks. Ground-water and
unconsolidated sediment samples that were collected 150 to 200 feet east of the area near the former gas
holding tanks contained only a few hydrocarbon compounds in relatively low concentrations.
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INTRODUCTI$N

From as early as 1816 and into the 1960’s, gas for lighting and heating in the United States was
produced from coal or oil, or a combination of both, at manufactured gas plants. Prior to World War il,
there were more than 1,000 such piants throughout the United States (Edison Eiectric institute, 1984).
Following the introduction of interstate pipelines for naturai gas distribution in the late 1940’s and eariy
1950's, manufactured gas plants began to cease operations because of the iower heating value of
manufactured gas (measured in British Thermai Units) compared to that of the less expensive naturai gas.

Gas piant by-products and wastes commoniy were disposed of on site and may stili be present in
the environment. These primary wastes inciude condensed tar residues and sludges, spent oxides, and
ash materiais. These wastes also may inciude a complex mixture of hundreds of aromatic organic
compounds, as weii as cyanides and metals, many of which are recognized by the U.S. Environmental
Protection Agency (EPA) (1986, 1989) as carcinogenic or priority poiiutants, or both.

Although it has been decades since manufactured gas piants ceased operations, the presence of
their generated wastes in the environment and the possibie migration of waste constituents into surface- or
ground-water supplies have resuited in concern about pubiic health and environmental contamination.
Despite the widespread distribution of gas piants and the potentialiy harmful nature of the associated
wastes, few of these sites have been investigated.

In January 1989, the U.S. Geologicai Survey (USGS), in cooperation with the Aibany Water, Gas,
and Light Commission (AWGLC), began a study in the vicinity of an abandoned manufactured gas plant in
Aibany, Ga. (fig. 1). Resuits of this study can be used to guide management and remediation decisions
related to this and other abandoned manufactured gas piants in simiiar hydrogeoiogic environments.

Purpose and Scope

This study is composed of two separate phases. This report documents the resuits of Phase |,
which was designed to (1) deiineate and describe the hydrogeoiogic framework of the unconsolidated
sediments, piant-site debris, and fili materiai; (2) chemicaily ¢haracterize the wastes at the abandoned gas
piant, and conduct a preiliminary evaiuation of the distribution of selected contaminants In the
unconsoiidated sediments and fiii; and (3) provide a preiiminary anaiysis of potential pathways of
contaminant migration. The pianned second phase of the investigation wiii better define the hydrogeoiogy
and extent of contamination in the unconsoiidated sediments and wiii inciude an evaiuation of the
underiying aquifer.

The scope of Phase | inciuded (1) reviewing historical information on the gas plant; (2) conducting
surface geophysicai surveys; (3) drilling sediment borings and excavating pits or trenches; (4) installing
monitoring weiis in the unconsolidated sediments; and (5) coliecting sediment, waste, and ground-water
for chemicai anaiyses. Hydrogeoiogic information was obtained from geoiogic logs recorded during drilling
and trenching operations and from surface geophysicai data. The distribution of contaminants was
delineated from drilling and trenching logs (geoiogic) and from results of the chemicai anaiyses.
Contaminants in sediments and hydrocarbon wastes were characterized from anaiyses of sampies
collected during driliing and trenching. Ground-water chemicai information was obtained from anaiyses of
sampies coliected from monitoring welis and from a seep. A reconnaissance of the bed of the Fiint River,
upstream, adjacent to, and downstream of the study area was conducted to detect evidence of possible
hydrocarbon contamination.
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DESCRIPTION OF THE AREA

The study area lies in the Dougherty Plain district of the Coastal Plain physiographic province of
southwestern Georgia and encompasses about 12 acres in the central part of the city of Albany, Dougherty
County, Ga. (fig. 1). The area is characterized by a relatively level topography with altitudes ranging from
about 150 to 187 ft above sea level. Most of the perimeter iof the study area is enclosed by fencing. An
unpaved road near the southern and eastern boundary of the study area provides access to the Flint River
(figs. 1, 2). ‘

The study area is bounded on the east by the Flint River, which flows within 600 ft of the former gas
plant. The Flint River, which originates near Atlanta, flows toward the southwestern corner of the State and
is the principal surface-water drain for the Dougherty Plain (fig. 1). The average annual discharge of the
Flint River at Albany is about 6,200 t3/s. The 7-day, 10-year recurrence interval low flow of the Flint River
at the gaging station 0.44 mi upstream from the study areais about 1,000 ft3/s based on records for the
period 1932-74 (Carter and Putnam, 1978). The minimum daily discharge of record is 327 ft3/s (Stokes
and others, 1989). Flow of the Flint River is sustained by ground-water discharge during periods of low-
flow (U.S. Army Corps of Engineers, 1985).

The average rainfall for Albany is about 53 in./yr and ranges from 46 to 56 in./yr (minimum and
maximum based on records collected from 1941-70) (Hayes and others, 1983). The greatest average
monthly rainfall occurs in March, July, and August, and the driest months generally are October and
November (U.S. Army Corps of Engineers, 1985).
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Land Use

Land use surrounding the study area is designated as residential (single-family), commercial, and
industrial within a 3-mi radius of the former gas plant. Residential housing is dominant but some medium-
and light-commercial and industrial uses are present. Much of the area is covered by structures and
pavement. About 85,000 people live in the city limits of Albany, which are within an 8 mi radius of the study
area. The total population of metropolitan Albany, including areas outside the city limits, is 117,200

(University of Georgia, 1989). Historic and current land use in the study area is discussed in the "Gas
Plant” section of this report.



Water Use \

less than 250 ft deep and withdraw water from the Upper Floridan aquifer (Ocala Limestone). In general,
the domestic wells are not used as a source of drinking water. Municipal supply wells provide drinking
water for most of the residents in the area. Industrial and' municipal supply wells withdraw water from
aquifers below the Upper Floridan.

There are numerous wells within a 3-mi radius of the Eormer gas plant. Domestic wells typically are

A major user of water from the Flint River in the Albany area is the Georgia Power Company’s
thermoelectric power plant, known as Plant Mitchell (U.S. Army Corps of Engineers, 1985), which is
approximately 9.5 mi south of the study area. The Flint River hydroelectric plant, located 1.3 river miles
upstream of the study area, influences the stage of the Flint River in the vicinity of the former gas plant.
Fishing is the major recreational use of the Flint River in the area.

GAS PLAN

Pre-Operational History

Research on the history of the Albany gas plant was conducted at the AWGLC offices, local
libraries, and the local historical society. Literature concerning the growth and modernization of the city of
Albany indicated that the gas plant was constructed in 1912. Fire insurance maps produced by the
Sanborn Map Company in 1911, 1920, and 1930 were among the earliest maps of the area.

The property on which the former gas plant was constructed was used as the Dougherty County
fairgrounds in the late 1800’s and included an oval race track and ice-skating rink. The Artesian House
Hotel also was in operation on the property during this period (Norris Wellge and Co., 1885). The property
was purchased from Dougherty County by Boggs and M¢Neill Lumber Company, and later resold to
Reynolds Brothers’ Lumber Company, which sawed and stacked lumber at the site. A part of the property
was purchased by the Georgia Southwestern and Gulf Railroad, which later came under the ownership of
the Atlantic Coast Railroad, and then the Norfolk-Southern Railway. A map produced by the Sanborn Map
Company (1911) shows a machine shop, car-repair shop (presumably railroad car), railroad office building,
coal incline, railroad water tower, and railroad oil holder on the property in 1911. By 1912, the city of
Albany had purchased the property.

Operational HisLory

The Albany gas plant operated for 36 yrs (1912-48). The layout of the gas plant as it existed during
that period is shown in figure 2. During active operation of the plant, heavy, tar-based and oil-based by-
products were sold by the gallon to the general public. These materials were used for patching leaky roofs
and for dust control on unpaved roads (J.W. Skates, AWGLC, oral commun., 1989). In addition, these by-
products accumulated in the gas holding tanks and periodically were released into the drainage ditch
along the southern boundary of the gas plant property (fig. 2). Heavy, residual tar products are exposed
along the banks of the ditch and along the banks of the Flint River at the confluence with the drainage
ditch. This drainage ditch presumably was dug as an outlet to drain water from an ice manufacturing plant,
located west of the study area (fig. 1). The ice manufacturing|plant has been in existence since the 1880’s.

Three of the original buildings from the gas plant are/currently (1990) used as storage buildings by
the AWGLC departments. The largest building, adjacent to Front Street, housed the generator room that
contained boilers and retorts for gas production as well as a meter room (fig. 2). An elevated railroad
trestle brought carloads of coal to this building to fire the boilers.























































































Table 3.-Volatile-phase hydrocarbons detected in boreholes during drilling operations

[HNU, HNU Systems, Inc.; OVA, Century Organic Vapor Analyzer; ppm, parts per million;
degree of intensity is a subjective evaluation of odor during drilling;
-, No data; >, greater than]

Well/ Sampling HNU or OVA Degree of
boring interval Type of reading(s) intensity
number (feet) material (Ppm) of odor
B-3 1.0- 2.0 dry, blocky, 30,50 moderate
stained fill
B-56 8.0-10.0 hydrocarbon- 70 strong
saturated,
loamy sand >1,000 very strong
(when cased)
B-6 4.0- 6.0 hydrocarbon- 3.0 weak
saturated
clayey sand
B-7 4.0- 6.0 clay weak
B-16 35 sandy clay 8.5 moderate
B-20 25- 7.0 clay moderate
B-21 5.5- 75 clay --- strong
HS-2 3.0- 45 silty sand 300 strong
18.0-22.5 coarse sand >1,000 strong
HS-3 6.5- 8.0 sand strong
HS-8 2.5-14.0 loamy sand and >1,000 very strong
gravelly, clay fill,
sandy clay, clayey silt
HS-10 45- 6.0 dry, ashy weak
hydrocarbon-
stained sandy
silt
HS-11 20- 55 gravelly, clay - weak
fil
HS-12 5.5- 9.5 silty sand, clay - moderate
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Organic compounds detected in the unconsolidated sediments in the study area are present in
four phases: the hydrocarbon fluid phase, the hydrocarbon solid phase, the aqueous phase, and the
volatile phase. The hydrocarbon fluid phase is a liquid mixture of hydrocarbon compounds, immiscible
with water, that forms a fluid phase physically distinct from the aqueous phase. Tar residues are
significantly denser and more viscous than hydrocarbons in the aqueous phase, whereas oils are less
dense and less viscous. The hydrocarbon solid phase consists of hydrocarbon compounds absorbed onto
the matrix of the porous medium (unconsolidated sediments). The aqueous phase consists of the
hydrocarbons in solution in water in the saturated or unsaturated zone. The volatile phase consists of
hydrocarbon gases trapped in ground water or in unsaturated sediments. The aqueous and the volatile
phases are the most mobile in the subsurface (Hult and Schoenburg, 1984; Gas Research Institute, 1987).

Sediment and Waste
Unconsolidated sediment samples and hydrocarbon waste samples were chemically analyzed to
characterize contamination in the study area. Total organic carbon (TOC), specific organic compounds,

metals, and cyanide were used as indicator constituents for cantamination. Sampling depths ranged from
near-surface to the top of the Ocala Limestone.

Total Organic Carbon

Total organic carbon can be used as a gross indigcg%or of the degree of organic contamination

associated with petroleum products or coal tars (Spruill, 1988; Hult and Schoenberg, 1984). High TOC
concentrations commmonly indicate organic contamination. Low TOC concentrations, however, do not
prove necessarily that organic contamination is absent; they merely suggest that contamination, if present,
probably will be at a relatively low level. In general, in the Southeastern United States, a TOC concentration
in sediments of 1.0 percent by weight or higher at depths greater than 1.0 ft (Perkins, 1987) is considered
significant, indicating possible contamination.

Sediment samples collected from boring HS-4 (fig. 9), which is considered to be areally removed
from former gas plant activities, had a TOC concentration of 0.1 percent at depths of 10.0 to 10.5 ft and 14
ft. Samples collected from boring HS-8, located in an area of high organic contamination, had TOC values
of 4.4 and 1.8 percent at 4.0 to 4.5 ft and 14.0 ft, respectively. The distribution of TOC with depth at
selected borings and wells is shown in figures 22-24. TOC concentrations found in sediment samples are
given in table 4.

At most well or boring sites the general vertical distribution of TOC concentrations indicated that
TOC decreased with depth. TOC concentrations typically showed marked decreases (from greater than 4
percent to 0.1 percent) below depths of 5 to 10 ft, in the upper clay layer (figs. 22-24). An exception was at
boring HS-8, where at a depth of 14 ft at the top of the Ocala Limestone, the TOC concentration was 1.8
percent. Well HS-3, located in an area of known contamination, also had a high TOC concentration of 10.9
percent at a depth of 7 to 8 ft below land surface.

|

The results from the TOC analyses generally correspond with observed hydrocarbon staining in
the unconsolidated sediments. Higher TOC concentrations detected in sediment samples collected at
borings B-3 (2 ft) and HS-8 (14 ft), and wells HS-3 (7.0 to 8.0 ft) and HS-11 (3.5 to 4.0 ft) represent localized
staining (table 4). (The sample collected from boring HS-5 consisted of coal ash and had a TOC
concentration of 76.9 percent.) Overall, the horizontal distribution of TOC concentrations indicated a
general decrease in TOC with an increase in the distance from the former gas plant.
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Table 4.-- Total organic carbon concentrations in sediments

[Total organic cargon concentrations are given in welght percent; <, less than]

Total
Site Date Depth organic
number collected - (feet) carbon
B-3 03-07-89 2.0 206
B4 03-07-89 1.5 7.1
5.0-8.0 7.2
B-5 03-07-89 . 7.0 6.1
B-6 03-07-89 4.0-6.0 54
8.0 0.1
B-7 03-07-89 4.0-6.0 6.1
B8 03-07-89 3.04.0 1.1
7.0-8.0 1
B-15 03-08-89 2.0 .8
5.0-5.5 .8
6.0 5.0
HS-1 04-04-89 7.0-75 4.8
9.0 .6
14.0 .
18.0-18.5 <.1
HS-2 04-04-89 . 5.0 6
6.0 24
‘ 7.0-75 45
10.0 1
12.0 1
12.5-15.0 1
156.0 1
16.0 <.1
22.5-23.0 2
23.0 2
HS-3 04-05-89 7.0-8.0 109
HS-4 04-05-89 10.0-10.5 A
14.0
HS-5 04-05-89 2.0 76.9
40




Table 4.-- Total organic carbon concentrations in sediments--Continued

[Total organic carbon concentrations are given in weight percent; <, less than]

Total

Site Date Depth organic

number collected (feet) carbon
HS-8 04-06-89 4.04.5 44
14.0 1.8
HS-9 07-11-89 14.5-16.0 <0.1
21.5-225 <.1
26.5-27.5 1
HS-10 07-12-89 5.5-6.0 4.2
16.0-16.5 <.1
19.0-19.5 1
22.5-23.0 A
HS-11 07-13-89 1.0-1.5 5
3.54.0 285
7.0-7.5 5
8.5-9.0 24
11.5-12.0 2
12.5-13.0 .2
15.5-16.0 .2
18.0-18.5 A
22.5-23.0 1
HS-12 07-13-89 11.5-12.0 1
16.5-17.0 <.1
TP4 05-03-89 2.0-4.0 3.1
TP-6 05-03-89 4.0 5.7

Specific Organic Compounds

Both sediment cores and hydrocarbon wastes were sampled and chemically analyzed to identify
as many organic compounds as possible. However, because tar and oil residues have been shown to
consist of a complex mixture of hundreds of organic compounds (Pereira and Rostad, 1986; Spruill, 1988),
initial analyses targeted compounds found on the list of priority pollutants (EPA, 1989).

A sample of dense, organic liquid was collected from well B-5, which is near the center of the
former area of tank A (figs. 2 and 9). The targeted organic compounds identified in this sample are listed in
table 5. As is typical at other abandoned gas plants, many of the identified individual compounds are
polycyclic aromatic hydrocarbons (PAH's) that contain two or more fused benzene rings.

41



Table 5.-- Volatile and semivolatile organic-compound concentrations detected in a liquid
hydrocarbon-waste sample from well B-5, April 21, 1989

[(1g/L), micrograms per liter]

Volatile Detection Semivolatile Detection
organic Concentration level organic Concentration level
compounds (Lg/L) (£g/L) compounds (zg/L) (kg/LV)
Naphthalene 18,000 10 Naphthalene 7,200 5
Benzene 17,000 10 Acenaphthylene 340 5
Ethylbenzene 3,300 10 Acenaphthene 2,700 5
1,3,5-Trimethylbenzene 140 10 Anthracene 1,200 5
1,2,4-Trimethylbenzene 300 10 Benzo(k)fluoranthene 710 10
Isopropylbenzene 48 10 Chrysene 840 10
N-propylbenzene 840 10 Fluoranthene 900 5
Toluene 88 10 Fluorene 1,900 5
Xylenes(total) 3,000 10 Phenanthrene 5,300 5
Pyrene 1,200 5
Benz(a)anthracene 950 10
Phenol 680 5
Bis(2-ethylhexyl)
phthalate 37 5
Di-n-butylphlalate 27 5

The most abundant organic compounds detected in the liquid hydrocarbon (waste) sample are
napthalene (18,000 micrograms per liter (1g/L) volatile, and 7,200 pg/L semivolatile), various alkylated
benzenes (maximum concentration of 17,000 [ig/L volatile), and phenanthrene (5,300 g/L semivolatile).
(Volatile organic compounds (VOC's) include compounds |that can be extracted by purge and trap
methodology and generally have higher vapor pressures than the semivolatile organic compounds
(SVOC’s). SVOC's generally are extracted with methylene |chloride. Naphthalene is included in both
SVOC’'s and VOC’s.) Collectively these three organic compounds, naphthalene, benzene, and
phenanthrene, constitute about 70 percent of the combined targeted volatile and semivolatile contaminant
concentration.

Analytical results for VOC'’s in six sediment cores are given in table 6. A sample collected at boring
HS-4, which is located about 400 ft northwest of the area near the former gas holding tanks (fig. 9), is
considered to be a background sample representative of natural sediments; no contamination by VOC's
was detected at this site. Similarly, none of the targeted volatii;as were detected in the core taken from well
HS-1, which is located about 200 ft east of the location of the former holding tanks.
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Table 6.— Volatile organic-compound concentrations in sediment cores
[estimated detection level ranges from 10 to 20 [ig/kg; nd, none detected]

Concentration, in micrograms per kilogram, at indicated
well or boring number; and depth, in feet

ngﬁ'ilg /HS-5 2/Hs-8 YHs-3 3/HS-2 3/HS-1 YHS4
compound (1 foot) (8 feet) (7 feet) (21 feet) (19 feet) (10 feet)
Naphthalene 290 560,000 450,000 860 nd nd
Benzene 1,600 14,000 28,000 89 nd nd
Ethylbenzene 320 65,000 73,000 120 nd nd
1,2,4-Trimethylbenzene 140 21,000 18,000 110 nd nd
1,3,5-Trimethylbenzene 45 9,900 6,400 98 nd nd
N-Propylbenzene 21 940 860 90 nd nd
N-Butylbenzene 17 1,300 nd 270 nd nd
Dimethylbenzene (total) 630 61,000 41,000 160 nd nd
Isopropylbenzene 19 3,700 3,300 140 nd nd
Toluene 630 24,000 5,900 110 nd nd
p-lsopropyitoluene 33 3,400 1,600 190 nd nd
Styrene 68 1,500 1,200 59 nd nd
m and p - xylene 430 40,000 33,000 110 nd nd
o-xylene 200 28,000 8,000 49 nd nd
Tert-butylbenzene nd nd nd 33 nd nd
Sec-butylbenzene nd nd nd 85 nd nd
Y/ Collected on 04-05-89.

2/Collected on 04-06-89.
3/Collected on 04-04-89.

The highest concentrations of volatile organics were detected in hydrocarbon-waste samples
collected from well HS-3 and boring HS-8 located in the area of former tank A (fig. 10), at depths of 7 and 8
ft, respectively (table 6). The most abundant VOC’s were napthalene (560,000 micrograms per kilogram
(ug/kg)), various alkylated benzenes (maximum concentration of 73,000 sg/kg), total xylenes (collective
concentration of 68,000 pg/kg), and toluene (24,000 g/kg); napthalene concentrations constituted 70
percent of the total volatiles detected. The higher concentrations of VOC's detected in samples collected
from boring HS-8 and well HS-3 correlate with higher TOC concentrations.

Analysis of a core sample from well HS-2 at a depth of 21 ft showed the presence of the same
VOC's detected in sediment samples from well HS-3 and boring HS-8, but at much lower concentrations.
(The same VOC’s also were detected in a sample collected from boring HS-5; however, that sample
consisted of coal ash.) These data indicate that the depth of contamination in the central part of the area
near the former tanks extends at least to the top of the Ocala Limestone (at a depth of 23 ft at well HS-2).
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Cyanide
Six unconsolidated sediment cores from borings HS-4, -5, and -8 and wells HS-1, -2, and -3 were
analyzed for cyanide. Concentrations of cyanide in the sedim{:t cores ranged from less than 200 ug/kg to

1,600 pg/kg (table 7). The highest concentrations of cyanide, 1,500 ug/kg and 1,600 ug/kg, were
collected from areas of known organic contamination, well HS-3 and boring HS-8, respectively.

Table 7.— Cyanide concentrations in sediment cores

[1kg/kg, migcrograms per kilogram; <,less than]

t\)lg?ilrlr/g Date Depth Concentration
number collected (feet) (Lg/kg)
HS-5 04-05-89 1 <400
HS-1 04-04-89 19 <200

HS-4 04-05-89 .10 <200
HS-8 04-06-89 8 1,600
HS-2 04-04-89 21 <200
HS-3 04-05-89 7 1,500

Metals

Sediment cores and trenching samples were analyzed for 14 metals (table 8). Most of the samples
were collected from depths at or below the horizons that| showed hydrocarbon staining. Results of
analyses of two sediment samples collected from boring HS-4, areally removed from the former gas plant
area, and nine other sediment samples are given in table 8. Except for lead, zinc, arsenic, antimony,
selenium, and manganese, the concentrations of the metals generally were comparable to background
levels. Maximum concentrations of lead (94 milligrams per kilogram (mg/kg)), zinc (500 mg/kg), and
arsenic (19 mg/kg) exceeded background levels by factors of four, seven, and six, respectively.
Background levels also were exceeded by factors of eleven, four, and eleven for antimony (19 mg/kg),
selenium (0.9 mg/kg), and manganese (0.11 mg/kg), respectively.

Insufficient data exists to determine statistically whether the higher metal concentrations are
natural or whether they result from gas plant contamination, because the variability in these constitutents in
native unconsolidated sediments and fill material has not been well established. However, it is noteworthy
that many samples that had a TOC concentration greater than 1.0 percent, also had elevated levels of lead
or zinc, or both, except for the coal ash sample collected from boring HS-5. At well HS-1, the vertical
distribution of lead and zinc concentrations correlate with the distribution of TOC. The highest zinc
concentration (500 mg/kg) was detected in a sediment sample (TP-4) collected at the location of the only
known purifier (figs. 2 and 9), one of the areas most likely to show metals contamination (Edison Electric

Institute, 1984, Gas Research Institute, 1987). |
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Table 8.— Metal concentrations in sediment samples

[Results in milligrams per kilogram; Cu, copper; Pb, lead; Zn, zinc; Ni, nickel; Co, cobalt; Cd, cadmium; Cr, chromium;
As, arsenic; Sb, antimony; Se, selenium; Fe, iron; Mn, manganese; Al, aluminum; Ti, titanium;
* duplicate sample; <, less than]

Site  Depth
number (feet)  Cu Pb Zn Ni Co Cd Cr As Sb Se Fe Mn Al Ti

UYHS1 7075 31 94 190 15 8 06 3 29 25 04 170 011 29 028
* 31 85 180 15 6 5 3 28 45 4 160 08 28 .27
9.0 21 29 78 22 10 <.5 66 41 04 6 400 04 112 59
14.0 5 2 38 5 6 <.5 52 17.0 A 2 650 .01 16 .
* 5 1 40 5 4 <5 38 190 A 2 730 .01 16 .06
18.0-185 1 1 13 2 3 <5 10 10 <.1 1 060 <.01 07
2/Hs-.3 7080 23 73 47 6 2 <5 18 35 16 9 80 .08 26 16
2/HS-4 10.0-105 23 19 55 19 19 <.5 55 33 3 4 300 0t 90 46
14.0 16 22 67 24 19 < .5 70 16 3 4 28 .01 81 44
* 17 22 68 25 20 <5 69 17 4 2 28 .01 81 44
2/Hs5 20 5 2 8 2 2 <5 3 14 3 A 20 < .01 3 02
* 7 <1 14 5 2 <5 3 27 4 6 .20 <.01 3 02
YHs8 4045 1 40 36 10 5 <.5 3 37 12 4 18 02 36 .49
4TP-4 2040 45 70 500 14 9 9 48 85 1.1 6 220 .01 44 33
4YTP6 4.0 34 37 92 15 10 <5 32 5.1 19 4 160 08 29 .28

YCollected on 04-04-89.
2/Collected on 04-05-89.
¥/ Collected on 04-06-89.
4/Collected on 05-03-89.

Ground Water

Four of the six monitoring wells that were screened in the lower sand layer in the unconsolidated
sediments have been dry since they were installed. Two wells, HS-1 and HS-9, consistently contained
sufficient volumes of water to sample. A sample from well HS-9 was analyzed for volatile and semivolatile
organic compounds; no compounds were detected in the sample. The results of the chemical analysis of
the water sample collected from well HS-1 are presented in table 9.

Targeted volatile organic compounds were not detected in the ground-water sample collected
from well HS-1. Of the targeted semivolatile organic compounds, five were identified at relatively low
levels: pyrene (2.8 pg/L), phenol (3.2 ig/L), and three deriviatives of phthalatic acid (2.0, 3.2, and 10.6
Kg/L).
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Table 9.—-Semivolatile organic-compound concentrations
detected in ground water from well HS-1, April 21, 1989

[Bg/L, micrograms per liter]

Compound Concentration
(ug/V)

Pyrene 28
Phenol 3.2
Bis(2-ethylhexyl)

phthalate 10.6
Di-n-butyiphthaiate 3.2
Diethyiphthalate 20

Drainage Ditch Seép

discharge of contaminated ground water at the seep in the drainage ditch (fig. 2). The resuits of the
chemical analysis of a water sampie collected from this a seep for volatile organic compounds indicates
moderate concentrations of napthalene, benzene, xylenes (totai), and ethylbenzene (table 10). Napthalene
was detected in the highest concentration at 1,500 fig/L.

One potentiai pathway for the release of gas plant co%taminants to the Flint River is by surface

Table 10.--Volatile organic-compound concentrations in seep, June 1, 1989

[1g/L, micrograms per liter; detection level is 3.0 jig/L]

Compound Concentration
(1g/L)
Naphthaiene 1,500
Benzene 750
Xylenes (total) ‘ 290
Ethylbenzene J 130
1,2,4-Trimethylbenzene \ 61
1,3,5-Trimethylbenzene | 31
Toiuene , 25
P—lsopropyltoluene ‘ 16
sopropylbenzene ‘ 4.1
Styrene ‘ 4.1




Streambed Sampling

A reconnaissance of the Flint River adjacent to the study area was conducted to collect streambed
sediments, and to search for visual evidence of hydrocarbon (tarry) material. More than 50 attempts were
made to collect streambed sediments, upstream, adjacent to, and downstream from the study area, by
using clamshell-type Ponar and Eckman dredges. The results of the survey indicate that the bed of the
river is virtually sediment-free, probably as a result of scouring by relatively high-velocity flows. No
evidence of tar deposits was detected during the sampling effort.

SUMMARY

Gas used for lighting and heating in much of the United States was produced from coal or oll, or a
combination of both, at manufactured gas plants prior to the development of extensive networks of natural
gas pipelines in the 1950's. The primary wastes and by-products resulting from the gas-manufacturing
process included tar and oil residues and sludges, spent oxides, and ash materials. These wastes can
consist of complex mixtures of hundreds of aromatic hydrocarbons, as well as cyanides and metals. Many
constituents of the wastes are listed as carcinogens or priority poliutants, or both, by the Environmental
Protection Agency (1989). By-products and wastes were commonly disposed of on site. In January 1989,
an investigation was initiated by the U.S. Geological Survey in cooperation with the Albany Water, Gas, and
Light Commission in the area of an abandoned manufactured gas plant In Albany, Ga., to assess the extent
and movement of contaminants associated with past gas-plant operations in hydrogeologic environments
similar to those in the area. Results from this study can be used to guide investigations and management
decisions involving this and other abandoned manufactured gas plants located in similar hydrogeologic
settings.

Geologic formations of interest to this investigation area in descending order, unconsolldated
sediments consisting of sand and clay, the Ocala Limestone, and the Lisbon Formation. Surficial flll (man-
made) overlies the sand and clay layers throughout the study area. There are two, seasonally-saturated,
water-bearing units in the unconsolidated sediments: (1) an upper sand layer, generally less than 10 ft in
depth, which receives recharge from direct infiltration of rainfall through the fill material; and (2) a lower
sand layer, which is in contact with the Ocala Limestone. The two sand layers are separated by a
restricting clay layer that restricts vertical ground-water movement. Water in the lower sand layer responds
to the changes in the stage of the Flint River. Water in the upper sand layer is perched on the clay layer.
This upper clay layer is absent in the southeastern part of the area of the abandoned gas plant.

Organic compounds present in the unconsolidated sediments were found in four phases: (1) the
hydrocarbon fluid phase; (2) the hydrocarbon solid phase; (3) the aqueous phase; and (4) the volatile
(vapor) phase. The hydrocarbon fluid and solid phases generally were confined to areas near the former
gas holding tanks. The volatlle and aqueous phases of contaminants also were prevalent in this area, and
locally were present in other parts of the study area, although in relatively lower concentrations.

Substantial amounts of organic compounds were found in samples collected near the former gas
holding tanks. A dense liquld sample of hydrocarbon waste collected near the site of former tank A {well B-
5) contained elevated levels of naphthalene (18,000 pg/L volatile and 7,200 fig/L semivolatile), various
alkylated benzenes (maximum concentrations of 17,000 pg/L volatlle), and phenanthrene, (5,300 pig/L
semivolatile), as well as a number of other aromatic hydrocarbons and polyaromatic hydrocarbons. The
most abundant volatile organic compounds (VOC's) detected in the sediment samples were naphthalene
(660,000 pg/kg), various alkylated benzenes (maximum concentration of 73,000 pg/kg), Xylenes
(maximum concentration of 40,000 [ig/kg), and toluene (24,000 fig/kg).
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Samples collected from the lower sand layer contained the same organic compounds as detected
in the upper sand layer, but at much lower concentrations. A sediment sample collected just east of the
former tank locations (well HS-2) contained relatively lower levels of all of the VOC'’s detected in the most
contaminated sediment samples. A water sample from well HS-1 about 200 feet east of the former tank
locations had no detectable levels of VOC’s, and relatively low levels of pyrene (2.8 ug/L), phenol (3.2
Lg/L), and three derivatives of phthalatic acid (2.0, 3.2, and 10.6 fig/L), which are semivolatile compounds.

VOC's also were detected in a sample collected from a seep in the drainage ditch near the
southern boundary of the study area. Concentrations of naphthalene (1,500 pg/L), various benzene
derivatives (maximum concentration of 750 [ig/L), and xylenes (total) (290 1ig/L) also were detected.

High concentrations of metals were detected in samples collected from the unconsolidated
sediments in the study area. The most notable concentrations were lead (94 mg/kg), zinc (500 mg/kg),
and arsenic (19 mg/kg). These elevated concentrations of metals in the sediments generally correlated
with high TOC concentrations.

Cyanide also was detected in samples from the |unconsolidated sediments. Concentrations
ranged from less than 200 to 1,600 [g/kg throughout the study area.

The results of this preliminary investigation indicate that the area of greatest hydrocarbon
contamination in the unconsolidated sediments seems to be confined to the vicinity of the former gas
holding tanks of the former gas plant. Naphthalene and various alkylated benzenes are the prevalent
organic compounds present in the subsurface. In the area near the former tanks, the contamination
extends at least to the top of the Ocala Limestone. Levels of contamination seem to decrease with
increasing horizontal distance away from the former tank locations.
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SUPPLEMENTAL DATA
Geologic Logs

[ft, feet; ppm, parts per million; HNU, HNU Systems, Inc.l/ ; OVA, Century Organic Vapor Analyzer]

Boring Depth Description
no. (ft)
B-1 0.0-1.0 fill, light yellowish-brown, sandy.
1.0-2.0 fill, black (hydrocarbon-stained), clayey.
2.0-5.5 sand, dark brown, silty.
5.5-7.0 clay, reddish-brown, sandy with some pebbles; very tight.
B-2 0.0-1.0 fill, light yellowish-brown, sandy.
1.0-2.0 fill, black, blocky, cinder material (?); clay percentage is less than black
material in B-1 (1.0-2.0 ft).
2.0-5.0 sand.
B-3 0.0-1.0 fill, sandy.
1.0-2.0 fill, black (hydrocarbon-stained), blocky, dry; 0.5- to 1-in. diameter pieces
that increasing in size with depth; detectable hydrocarbon odor, HNU
readings of 30 to 50 ppm.
2.0-7.0 sand, silty.
B-4 0.0-1.0 fill, loamy sand.
1.0-2.0 fill, black granular, somewhat blocky; smaller diameter material than in B-3
(1.0-2.0).
2.0-8.0 sand, loamy, granular.
B-5 0.0-4.0 fill, clayey; pieces of tar within matrix; tar is somewhat weathered.
4.0-8.0 sand, yellowish-brown, loamy.
8.0-10.0 sand, black (hydrocarbon-stained), loamy; stained and saturated with
free-flowing tar or oil; detectable hydrocarbon odor, HNU reading of
70 ppm.
B-6 0.0-4.0 clay, dark reddish-brown, stained.
4.0-8.0 sand, clayey; saturated with oll; detectable hydrocarbon odor.
8.0-8.5 clay, dark yellowish-brown, sandy with some pebbies; contains cracks.
B-7 0-3.5 sand.
3.5-10.0 clay, mottled yellowish-brown and bluish-gray; damp, tight, plastic;
stained, detectable hydrocarbon odor.
B-8 0.0-4.0 clay, dark reddish-brown, sandy.
4.0-10.0 sand, reddish-brown, coarse, clayey.
B-9 0.0-2.0 fill, sand, pieces of brick and concrete; auger unable to penetrate below

201t

1/The use of brand names in this report is for identification purposes only, and does not constitute
endorsement by the U.S. Geological Survey.
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SUPPLEMENTAL DATA

Geologic Logs

[ft, feet; ppm, parts per million; HNU, HNU Systems, Inclt/ ; OVA, Century Organic Vapor Analyzer]

Boring Depth Description
no. (ft)
B-10 0.0-1.5 fill, dark brown, sand, pieces of brick and concrete; auger unable to
penetrate below 1.5 ft.
B-11 0.0-1.0 fill, stained, sandy.
1.0-3.0 fill, yellowish-brown, sandy.
3.0-45 fill, black, blocky and ashy material in sand; auger unable to penetrate
below 4.5 ft.
B-12 0.04.0 fill, yellowish-brown, sandy; auger unable to penetrate below 4 ft.
B-13 0.04.0 fill, yellowish-brown sandy.!
4.0-5.0 fill, stained, sandy; auger unable to penetrate below 5 ft.
B-14 0.04.0 fill, yellowish-brown, sandy; auger unable to penetrate below 4 ft.
B-15 0.0-2.0 fill, clayey, sandy.
2.0-5.5 sand, dark brown, silty with some pebbles; loose, former upper soil or
land surface (A-horizon); clay percentage is less than above fill
(0.0-2.0 ft).
5.5-6.5 ashy material, black; very loose; increase in clay percentage from above
(2.0-5.5 ft); some hydrocarbon sheen present.
6.5-9.0 clay, reddish-brown; vertical and horizontal cracks; some mottling along
cracks. ‘
|
B-16 0.0-3.5 clay, reddish-brown, sandy; some evidence of staining at 0.5 ft; 1-in.
diameter glassy cinders |n matrix; very thick hydrocarbon oil in clay at
3.5 ft; HNU reading of 8.5 ppm; auger unable to penetrate below 3.5 ft.
B-17 0.0-2.5 clay, light black, sandy; cinder layer within matrix; auger unable to
penetrate deeper than 2.5 ft.
B-18 0.0-10.0 fill, reddish-brown, sandy; %oarse sand; pieces of tar and cinders in matrix
at3.5ft. !
10.0-10.5 clay, plastic; very dry; somé evidence of staining.
B-19 0.0-2.0 fill, black, sandy; medium sLnd.
2.0-65 clay, light brown, gravelly; gravel consists of cinder fragments; perched

ground water at 4.0 ft.
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SUPPLEMENTAL DATA

Geologic Logs

[ft, feet; ppm, parts per million; HNU, HNU Systems, Inc.l/ ; OVA, Century Organic Vapor Analyzer]

Boring Depth Description
no. (ft)
B-20 0.0-2.5 fill, brown, clayey sand; damp; slight staining.

2.5-7.0 clay, brown; hydrocarbon stained; detectable hydrocarbon odor.

7.0-9.0 sand, black; some clay pods; hydrocarbon staining.

8.5-9.0 clay, brown; no evidence of staining.

B-21 0.0-5.0 fill, brown clayey.

5.0-56.5 fill, reddish-brown, sandy; low percentage of clay (clean).

5.5-7.5 clay; highly contaminated at 5.5 ft; strong hydrocarbon odor; slight
staining at 7.0 ft.

HS-1 0.0-2.5 fill, dark reddish-brown, silty sand; gravelly; gravel is black cinder chips.

25-70 sand, dark reddish-brown, clayey; friable; former upper soil or land
surface (A-horizon); gravelly with wood chips and twigs; less
consolidated than above fill (0.0-2.5 ft).

7.0-10.0 clay, dark reddish-brown, sandy; partially saturated with water;
black staining along vertical cracks; very tight.

10.0-11.0 sand, dark reddish-brown, clayey.

11.0-12.5 clay, dark reddish-brown, sandy.

12.5-22.0 sand, reddish-brown; white, finer sand at 18-19.5 ft; very clean.

22.0-25.0 clay, bluish-gray, sandy; damp; sand percentage increases with depth.

25.0-27.0 sand, gray; reddish-brown at 26 ft; saturated with water.

27.0-27.5 clay, reddish-brown, sandy, graveily; limestone fragments and gravel near
bottom of sampie.

27.5-28.0 sand, gray.

28.0-28.5 clay, mottled, bluish-gray and reddish-brown, silty, gravelly; some cracks
present; gravel is limestone.

285-30.5 sand, gray; limestone contact (auger refusal) at about 30.5 ft.

HS-2 0.0-3.0 fill, dark reddish-brown, clayey sandy with some gravel; stained black
with pieces of slag.

3.045 fill, dark brown, silty, sandy; detectable hydrocarbon odor; OVA reading of
300 ppm.

45-70 clay, reddish-brown, sand; evidence of both vertical and horizontal
migration of black material along cracks; two horizons of hydrocarbon
stains within the clay--1 to 2 in. thick.

7.0-85 silt, dark brown, gravelly, clayey with some gravel; former upper soil or
land surface (A-horizon); chert/flint gravel; pieces of brick present.

8.5-9.5 sand, dark-brown to black, silty.

9.5-15.0 clay, reddish-brown, sandy; sand percentage increases at 14.0 ft.

15.0-18.0 sand, dark yellowish-brown, coarse very clean.

18.0-22.5 sand, dark gray, coarse; damp; stained; detectable hydrocarbon odor;
OVA greater than 1,000 ppm.

22.5-23.0 clay, mottled, reddish-brown and bluish-gray, sandy with some gravel;

sand is coarse; gravel is limestone; limestone contact (auger refusal) at
about 23 ft.
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Boring Depth Description
no. (ft) :
-
HS-3 0.0-5.0 fill, clayey sand; pieces of asphalt, concrete, and brick rubble in matrix.
5.0-8.0 sand, black (hydrocarbon-stained); damp; tar- or oil-stained, hydrocarbon
order detectable at 6.5 ft; similar in texture and color to stained sample
in B-5 (8.0-10.0 ft); tar and oil not as "free-flowing" or liquid as in B-5.
HS-4 0.0-5.0 fill, reddish-brown, clayey, §i|ty sand; pieces of weathered asphalt in
matrix.
5.0-10.0 sand, reddish-brown, clayexlvwith some gravel.
10.0-11.5 clay, reddish-brown, sandy with white gravel, very tight.
11.5-12.0 clay, dark reddish-brown, gravely, very gravelly; gravel is white limestone.
12.0-14.5 clay, bluish-gray, gravelly; gravel is limestone; limestone contact at about
145 ft.

HS-5 0.0-3.0 fill, dark reddish-brown, silty sandy with some clay lensesand pebbles;
chips of bituminous coal present; auger unable to penetrate below
3.0ft. ‘

HS-6 0.0-1.0 fill, dark yellowish-brown, sandy.

1.0-2.5 sand, black, clayey with some gravel; damp; bituminous coal ashes
present in matrix, no detectable hydrocarbon odor.

25-5.0 fill, dark yellowish-brown, sandy.

5.0-7.5 fill, dark yellowish-brown, loamy coarse sand; auger unable to penetrate
below 7.5 ft.

HS-7 0.0-6.0 fill, dark reddish-brown, coarse sand; clean; auger unable to penetrate
below 6.0 ft. ‘

HS-8 0.0-2.5 fill, reddish-brown, clayey sand with some gravel.

25-35 fill, black (hydrocarbon-stained), loamy sand and gravel; gravel is tar
chips; strong hydrocarbon odor, OVA reading greater than 1,000 ppm.

3.5-5.0 fill, brown to black (stained), clayey sand; pieces of brick in matrix; strong
hydrocarbon odor.

5.0-10.0 clay, black sandy; damp; similar to black material in B-5 (8.0-10.0 ft);
strong hydrocarbon odor, OVA reading greater than 1,000 ppm.

10.0-11.5 silt, black, clayey with a few pebbles; hydrocarbon sheen present; organic
matter--leaves, twigs--present in matrix; strong hydrocarbon odor.

11.5-14.0 clay, mottled, black, reddish-brown, and bluish-gray sandy; cracks

present; hydrocarbon sheen visible in cross-section; strong
hydrocarbon odor; limestone contact at about 14.0 ft.
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Boring Depth Description
no. (ft)
HS-9 0.0-1.5 fill, reddish-brown to dark brown, sandy; gravelly; stained.
1.5-3.5 fill, reddish-brown, clayey sand with some gravel; mottled reddish-brown
and dark reddish-brown at about 3.5 ft; stained; wood fragments and
pieces of tar present in matrix.
3.5-5.0 silt, dark brown, sandy; sand is fine-grained; granular; very friable;
former upper soil or land surface (A-horizon); organic matter--twigs--
present in matrix.
5.0-6.5 silt, dark yellowish-brown, sandy; sand is fine-grained sand; friable; low
percentage of clay; gravel and stained material at bottom of sample.
6.5-12.5 sagd, reddish-brown, sand is medium to coarse; fairly clean; slightly silty;
amp.
12.5-20.0 sand, light yellowish-brown; sand is coarse; very clean; damp.
20.0-24.5 sand, reddish-brown; sand is medium to coarse; darker and coarser at
225 ft; water table at about 24.2 ft.
24.5-25.0 sand, gray, silty; clay is present in reddish-brown sand as a lense.
25.0-27.5 sand, mottled, reddish-brown and light bluish-gray clayey; sand is
medium to fine sand (bottom of sample); wet; limestone contact at
about 27.5 ft.
HS-10 0.045 fill, dark brown, clayey and silty; abundant pieces of wood.
4.5-6.0 fill, black (stained) sandy; dry, ashy material (weathered tar?) is present in
matrix; detectable hydrocarbon odor.
6.0-10.5 clay, reddish-brown sandy; plastic; sand percentage increases with depth;
horizontal cracks about 0.5-1.5 in. apart; evidence of staining near top
of sample interval.
10.5-12.5 sand, reddish-brown, very clayey; sand is coarse; no evidence of staining.
12.5-18.5 sand, dark reddish-brown and mottled, reddish-brown and bluish-gray
loamy; sand is coarse; wet.
18.5-20.0 silt, mottled bluish-gray and reddish-brown, clayey; damp; limestone
fragments at bottom of sample interval.
20.0-21.0 clay, white-to-gray, sandy; iron-oxide stains; wet.
21.0-225 clay, reddish-brown, sandy; slightly mottled bluish-gray and reddish-
brown; low sand percentage; very tight.
22.5-24.0 clay, white, sandy, gravelly; gravel is limestone; contact with limestone at
about 24.0 ft.
HS-11 0.0-2.5 fill, reddish-brown, clayey sand; gravelly; stained black; organic matter
present; gravel is pieces of fire brick.
2555 fill, black, clayey and silty, gravelly; contains ash, slag, and pieces of
brick; detectable hydrocarbon odor.
5.5-6.0 gravel, white; noncalcareous.
6.0-8.5 silt( brown t? dark gray (stained); sandy; not as black as above horizon
2.0-5.5 ft).
8.5-11.5 clay, dark gray (stained); silty and sandy; horizontal (cracks) at

10.0 ft; stains disperse at 11 ft.
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T

Boring Depth Description
no. (ft)

HS-11--Continued

11.5-15.0 clay, dark yellowish-brown, very sandy; sand is coarse; faitly tight; iron-
oxide staining. |

15.0-16.5 sand, yellowish-brown, clayey; sand is coarse; iron-oxide staining; no
evidence of hydrocarbon staining.

16.5-17.5 clay, yellowish-brown, sandy; very tight.

17.5-22.5 sand, yellowish-brown, clayey; sand is very coarse; mottled gray and
yellowish-brown at about 22 ft; clay percentage decreases at 18.5 ft.

225-23.5 clay, yellowish-brown and greenish-brown, sandy, gravelly; horizontal
cracks; fossils imbeded in clay; limestone contact at about 23.5 ft.

HS-12 0.0-5.0 fill, dark reddish-brown, sandly, silty; sand is medium; pieces of fire brick

pr?]sent; iron-oxide staining; clay increases near bottom of sample--very
tight.

5.0-9.5 sand, black (hydrocarbon-stained), silty, gravelly; sand is medium; pieces

of slag in matrix; saturated with oil; black, sandy clay lenses from 6.0-
6.5 ft; moderate hydrocarbon odor.

9.5-15.0 clay, reddish-brown, sandy; sandy with some gravel; fractured in vicinity
of gravel; most of the staining ends at 9.5 ft; mottled reddish-brown and
bluish-gray at 10.0 ft; sand percentage increases at 10.0 ft.

15.0-16.0 sand, mottled, bluish-gray and light reddish-brown; clayey; sand is
coarse; saturated with water.
16.0-17.0 clay, bluish-gray, sandy; tight; wet; limestone contact at about 17.0 ft.
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